of the therapeutic stage. This "nonconventional" elastomeric ligature (NCEL) forms a "tubelike" structure when placed over a twin bracket. It allows the archwire to slide freely in the bracket and express forces efficiently on teeth. In this study, we evaluated new wire and ligature combination to reduce friction further by combining slide ligatures and supercable wires.
MateRIals and Methods
An experimental model reproducing the right buccal segment of the maxillary arch was used to assess the forces produced by the CELs [Unitek, silver mini modules, with inside diameter of 1.3 mm and thickness of 0.9 mm; Figure 1 ] and NCELs [Slide, Leone Orthodontic Products, Sesto Fiorentino, Firenze, Italy; Figure 2 ], with SE Ni-Ti (Unitek Nitinol Super-Elastic Archwire) of diameter 0.012", 0.014", 0.016", 0.018", and 0.020" inch; and SSC (0.016", 0.018", and 0.022" inch). These wires are frequently used during the aligning and leveling phase of the straight-wire technique. The buccal segment model [2, 3] [ Figure 3 ] consisted of five stainless steel (SS) 0.022-inch preadjusted brackets (MBT) for second premolar, first premolar, canine, lateral incisor, and central incisor (3M Unitek, Gemini SS brackets). The interbracket distance was set at 8.5 mm. The canine bracket was welded to a sliding bar that allowed various vertical positions, whereas the other brackets were mounted in a vice-like device. A section of 0.0215 inch × 0.028 inch SS wire was used to align all brackets. The forces generated by the testing unit consisting of wire, brackets, and elastomeric ligatures were measured under dry conditions and at room temperature (20°C ± 2°C) with a testing machine (4301, Instron, Canton, MA, USA) with a load cell of 10 N. The upper end of the sliding bar bearing the canine bracket was connected to the machine's crosshead [ Figure 4 ]. The frictional force recorded by the machine when pulling the sliding bar with the canine bracket in an upward direction without orthodontic wire was 0 g. [4] The elastomeric ligatures were placed immediately before each test run to prevent ligature force decay. The testing machine recorded the forces released by the archwire-bracket-ligature system after four amounts of upward displacement of the sliding bar bearing the canine bracket: 1.5, 3, 4.5, and 6 mm of misalignment. The forces generated by given five sizes of SE Ni-Ti and three sizes of supercable wires with two types of ligation system (conventional and NCELs) were recorded.
The forces produced by each wire-ligature combination were tested five times with new wires and ligatures each time. Four groups were made, combining SE Ni-Ti and CEL (Group 1), SE Ni-Ti and NCEL (Group 2), SSC and CEL (Group 3), and SSC and NCEL (Group 4) to compare the frictional forces between these groups. A total of 120 tests (sixty tests for each type of ligature) were carried out. All the examinations were carried out by a single examiner.
Statistical analysis
Statistical analysis was carried in the present study for various groups. Descriptive statistics were calculated for the forces generated by the wire-ligature combinations at the four amounts of canine misalignment (CM). In the study, descriptive statistics was drawn and t-test was applied to draw P value. For intergroup comparisons, one-way ANOVA test and post hoc Tukey multiple comparisons test were used to compare multiple groups with statistical analysis software (SPSS for Windows, version 16.0, Chicago, SPSS Inc.).
Results
The descriptive statistics and the analysis of the comparisons of the forces released by the two ligature systems are shown in Table 1 . Significant differences between the CEL and the NCEL were found for all tested variables (P < 0.01). Four groups were made, combining SE Ni-Ti and CEL (Group 1), SE Ni-Ti and NCEL (Group 2), SSC and CEL (Group 3), and SSC and NCEL (Group 4) to compare the frictional forces between these groups.
For simplification results are arranged in increasing order of wire diameter. • 0.012" SE Ni-Ti: Table 1 shows descriptive statistics and statistical comparisons of forces (g) generated by 0.012" SE Ni-Ti wires with two types of elastomeric ligatures at various amounts of CM. In the presence of 1.5 mm of misaligned canine bracket, the forces produced by 0.012" SE Ni-Ti with CEL were higher than with NCEL, and the difference was statistically significant. These frictional forces ranged from 251 g for CEL and just 90 g for NCEL • 0.014" SE Ni-Ti: The means of Group 1 and Group 2 showed statistically significant difference at all levels of CM and the value for Group 1 being more than Group 2 • 0.016" SE Ni-Ti and SSC: With CM of 1.5 mm, 0.016" SE Ni-Ti, 290 g of forces released with CEL, which was more than 201 g forces released by NCEL. At 3 mm and more than that this difference became more significant.
Table 1: Descriptive statistics and statistical comparisons of forces (g) produced by five sizes of superelastic nickeltitanium wires and three sizes of SPEED supercable wires with two types of elastomeric ligatures at various amounts of canine misalignment
Interestingly, in the presence of 0.016" SSC-CEL at 1. increased force values. At 3 mm SE Ni-Ti produced 632.39 g with CEL and 440.59 g with NCEL. About 4.5 mm of CM generated 788.41 g with CEL and 521.99 g with NCEL. At 6 mm these mean differences were higher as SE Ni-Ti with CEL produced 981.33 g of high forces, whereas with NCEL it generated 600.63 g.
In the presence of 0.020", SSC-CEL at 1.5 mm CM gave 149.92 g of frictional force while with NCEL it gave only 73.54 g of mean frictional force. At 3 mm of misalignment SSC with CEL gave 266.63 g force while with NCEL it was 111.05 g. All groups showed statistically significant difference in their means (P < 0.05) at all levels of CM.
dIscussIon
The aim of the present study was to compare the forces generated by two types of orthodontic archwires (SE Ni-Ti and SSC) by combining them with either conventional or NCELs during the leveling and aligning phase of fixed appliance therapy. A testing device similar to the one proposed recently by Franchi and Baccetti [2, 4] was conceived to recreate clinical conditions for the leveling and aligning phase of straight-wire technique, i.e., to study the forces produced during alignment of a displaced tooth by allowing different amounts of vertical misalignment of one bracket (canine bracket) with respect to the four remaining aligned brackets (i.e., forces produced at 1.5, 3, 4.5, and 6 mm of CM). At 1.5 mm of misaligned canine bracket, the difference in forces produced by 0.012" SE Ni-Ti-CEL (251 g) was higher and statistically significant than SE Ni-Ti-NCEL (90 g).
Similar results were seen with 0.014" SE Ni-Ti and 0.016" SE Ni-Ti. Forces produced by SE Ni-Ti-CEL combination were nearly 1.5-2 times greater than forces produced by SE Ni-Ti-NCEL combination.
In studies performed by Baccetti and Franchi, [2] Franchi and Baccetti [4] on SS brackets and Camporesi et al. [3] on two types of esthetic brackets in association with NCEL and Neo-Clips and by the same brackets combined with CEL during the leveling and aligning phases; their results indicated that when a slight amount of tooth alignment was needed (1.5 mm), the differences in the performance of CEL versus NCEL were minimal, but these differences become significant for misalignments >3 mm. But, the present study showed very significant differences in the behavior of CEL and NCEL even at 1.5 mm level of misalignment.
The mechanical advantage of multistranding and flexibility of Ni-Ti together gave us supercable wires. Supercable represents the state of the art in both mechanical and material properties.
Because it exerts only 36-70% of the force of the most commonly used solid Ni-Ti wires, it allows the orthodontist to begin treatment with a larger diameter archwire and to achieve more rapid and precise tooth movements. Its ultra-low force delivery virtually eliminates patient discomfort following initial archwire engagement, even in the most crowded cases. [1] We can reduce its forces further by combining it with low friction system, slide ligatures, i.e. NCEL.
The results proved the superiority of NCEL over CEL and SSC over SE Ni-Ti. The 0.020 SE Ni-Ti-CEL and 0.020 SE Ni-Ti-NCEL showed great differences in behavior in relation to forces produced at wire-ligature interface in accord to previous researches done by Camporesi et al. [3] Bccetti and Franchi, [2, [4] [5] [6] Gandini et al., [7] Tecco et al. [8] The magnitude of force produced by NCEL and CEL with larger diameter (0.016") SSC was smaller than lesser diameter (0.012" and 0.014") SE Ni-Ti. Larger diameter (0.018" and 0.020") SSC-NCEL combination produced less force than smaller diameter (0.014") SE Ni-Ti-NCEL combination.
The present study did not include self-ligating brackets (SLBs) but from studies done by Sims et al., [9] Tecco et al., [10] and Thomas et al [11] etc. NCEL are comparable with SLBs in terms of forces produced. The fi ndings regarding the NCEL are very similar to those of the activa SLBs as reported by Sims et al. [9] in 1993 and to the data related to the Damon SLB by Thomas et al. [11] Journal of Indian Orthodontic Society | Vol 50 | Issue 3 | Jul-Sep 2016
Gandini et al. [7] in 2008 concluded that SLB, NCEL-SS bracket produced significantly lower frictional forces compared to CEL-SS bracket combination. This lead to the conclusion that SSC-NCEL may represent a valid alternative to passive SLBs for low-friction biomechanics. A recent study by Sandhu and Sandhu showed greater pain with the use of SE Ni-Ti as an initial wire than multistranded wire. [12] On the basis of the results of this study, the innovative elastomeric ligatures produced significantly lower levels of frictional forces than conventional elastomeric modules. Moreover, SSC produces less force than SE Ni-Ti when combined either with CEL or NCEL. SSC-NCEL combination produces the least forces than SSC-CEL, SE Ni-Ti-NCEL, and SE Ni-Ti-CEL combination. Hence, the new NCEL-SSC combination may represent a valid alternative to passive SLBs when a minimal amount of friction is desired. One of the most favorable features of the NCEL is the possibility of turning any type of existing conventional bracket system into a "low-friction" bracket system. Furthermore, the innovative ligatures can be applied on specific groups of teeth where lower level of friction at the bracket-archwire-ligature units is desired.
The clinical interpretation of this data, however, requires further consideration that modulates our findings. First, the vice-like devices of the testing machine did not allow the brackets contiguous to the misaligned bracket to move. Our results, therefore, relate to a condition that can be defined as "absolute anchorage." Second, each test with the machine was performed with new elastomeric ligatures. No attempt was made to evaluate the effects of time and oral environment on the amount of force released with the different types of elastomeric ligatures. Third, the shape of the arch was flat in the present study. Additional in vivo testing of the protocols established in this study need to be undertaken to evaluate the clinical applicability and possible benefit of low friction systems.
conclusIon
This study concludes with the following findings:
• NECL gave less friction compared to CEL using aligning wires such as SE-Ni-Ti and SSC • The SSC wire gave reduced forces when utilizing SS brackets with either CEL or NCEL • An increase in wire size (from 0.016" to 0.020" for SSC and from 0.012" to 0.020" for SE Ni-Ti) led to increased friction in all bracket and archwire-ligature combinations • 0.012" SE Ni-Ti and 0.014" SE Ni-Ti produced more force than 0.016" or 0.018" SSC with either CEL or NCEL, indicating that clinician can start larger SSC wire early in the treatment for efficient tooth alignment than smaller Ni-Ti wires for better alignment control over tooth • The NCEL-SSC wire combination (Group 4) showed lowest frictional forces than SE Ni-Ti-CEL (Group 1), SE Ni-Ti-NCEL (Group 2), and SSC-CEL (Group 3) combination, indicating it as a better combination.
Orthodontists always look forward for a better treatment option for faster results with less patient discomfort and fewer appointments. After further in vivo evaluations, we hope that the combination of SSC-NCEL will give the clinician a better option as a low friction treatment mechanics.
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